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Introduction
In recent years, self-curing acrylic resins have ex-
tensively been applied in clinical use for provisional 
fixed partial dentures (FPDs). The main reasons for 
the popular application of polymethyl methacrylate 
(PMMA) restorations are their economy, ease of op-
eration, and the ability to reconstruct the shape of 
Background/purpose: The purpose of this study was to evaluate the fracture load 
and fracture pattern of fiber-reinforced long-span acrylic resin provisional fixed 
partial dentures (FPDs) with different fiber types and reinforcement lengths after 
thermocycling.
Materials and methods: Eighty standardized four-unit FPDs of polymethyl methacry-
late resin were fabricated on a metal jig and evenly divided into eight groups. The 
control and comparison groups were unreinforced acrylic specimens and specimens 
reinforced with 4-mm steel wire, respectively. The six experimental groups comprised 
acrylic FPDs reinforced with 4-, 18-, and 30-mm glass fiber (FibreKor) or polyethylene 
fiber (Construct).
Results: One-way ANOVA results revealed statistically significant differences between 
the fracture loads of the experimental and control/comparison groups (P < 0.05). 
Two-way ANOVA results revealed that among the experimental groups, there were 
statistically insignificant differences between different reinforced fiber types and 
lengths (P > 0.05). It is worth noting that increasing the reinforced fiber length was 
less important for enhancement of fracture load than the location of fiber reinforce-
ment in the long-span acrylic resin FPDs. All samples displayed partial fracturing after 
thermocycling. The mean fracture loads of the experimental groups were ∼50% higher 
than those of the control/comparison groups.
Conclusion: The results of this study indicate that fiber reinforcement with FibreKor/
Construct enhanced the fracture load of long-span acrylic resin provisional FPDs 
after thermocycling.
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defects. PMMA also has the advantage of superior 
esthetic color and feasibility in relining and repair.1,2
The unsatisfactory strength of self-curing acrylic 
resins results in failure or partial breakage of provi-
sional FPDs over time. Traditional PMMA resin provi-
sional FPDs typically fracture owing to heavy occlusal 
stress. This results in clinical inconvenience due to 
the need to rehabilitate or replace the FPDs, which 
is much more difficult for the dentist. The frequent 
mechanical failures of provisional fixed prostheses 
usually cause inconvenience, loss of time, and embar-
rassment for both dental clinicians and patients.3,4
In order to improve the drawbacks of acrylic FPDs 
and prevent failure in clinical situations, enhancing 
FPD’s volume of reconstruction and strengthening 
the acrylic resin with a metal plate have been in-
vestigated. However, the end results either violated 
the physiologic contours of provisional FPDs or in-
volved overly complicated clinical procedures. Em-
bedding a solid metal framework in a provisional 
FPD can reduce the limited space available and re-
sult in increased vertical thickness of the FPD, es-
pecially in the pontics.5−7 Some studies attempted 
fiber application in order to strengthen provisional 
dental resins. Compared with metals, fiber reinforce-
ment possesses superior mechanical, esthetic and 
cohesive characteristics, and has the advantage of 
being a lighter-weight composite. Previous studies on 
fiber reinforcement typically emphasized strength-
ening removable overdentures.8,9
Using fiber-strengthened provisional dental res-
ins, Ramos et al.10 employed polyethylene fiber 
(Ribbond; Ribbond Inc., Seattle, WA, USA) to 
strengthen PMMA resin. After fiber strengthening, 
which was accomplished by embedding fibers at a 
depth of one-third on the tension side of the test 
bar, samples had notably increased failure strength. 
The surfaces of early fibers were plasma-treated 
or sandblasted in an attempt to enhance their ad-
hesive ability.11 The use of glass fibers to strengthen 
provisional dental resins has also been investigated. 
Chung et al.12 stated that two factors, fiber quantity 
and the reinforcement site, affect provisional FPD 
strength. Vallittu13 used different woven forms of 
glass fibers to strengthen PMMA powders and n-butyl-
methacrylate liquids when constructing FPDs. The 
results suggested that glass fiber reinforcements 
considerably increased the fracture resistance of 
provisional FPDs, even though the fibers were em-
bedded in unfavorable sites. Similarly, Fatma and 
Marwa14 concluded that glass fibers can increase 
the fracture strength of overdentures. Despite this, 
even after surface treatment with plasma, radiation 
or chemicals, polyethylene fibers have yet to dem-
onstrate efficient surface adhesion with resins.10,15 
Nohrstrom et al.16 investigated the influence of 
the position of fiber reinforcement on the fracture 
resistance of interim FPDs. The results showed that 
the length of the span and quantity of fibers signifi-
cantly affected the fracture load. In vitro studies 
in which material fatigue was induced by thermocy-
cling suggested that the main cause of fractures of 
interim FPDs is probably fatigue of the material.
As conclusively demonstrated in all of the 
above-mentioned studies, the location of the fiber 
reinforcement is one of the main factors affecting 
the strengthening efficiency. Detailed information 
about recently developed commercial fibers, such 
as the effects of different surface treatments, the 
location of fiber reinforcement and strengthening 
properties of different fiber lengths, are not cur-
rently available.
The aim of this investigation was to determine 
the fracture load of long-span fiber-reinforced acrylic 
resin provisional FPDs using two types of fiber, and 
to investigate the influences of fiber length and 
reinforcement location on the fracture load after 
thermocycling.
Materials and methods
A stainless steel metal jig was made to simulate 
mandibular four-unit FPDs in which the first premo-
lar and second molar functioned as abutments. 
The distance between the distal axes of the premo-
lar to the mesial surface of the molar abutment was 
20 mm. A four-unit FPD was made on the metal jig 
with an inlay pattern of wax. The cast mold of the 
FPD was duplicated with polysiloxane putty impres-
sion material (condensation type), Coltoflax (Coltene, 
Altstatten, Switzerland), using the metal jig with a 
four-unit FPD pattern of wax. An FPD of PMMA, 
Tempron (GC Corp., Tokyo, Japan), was then pre-
pared using this putty mold as a standard model to 
ensure that the FPDs made for the fracture load test 
had the same dimensions and shape as the stan-
dard acrylic model. The detailed dimensions of the 
mandibular four-unit FPD made using the metal jig 
are shown in Fig. 1A.
The provisional FPDs of self-cured PMMA resin 
were reproduced using a condensation type of 
putty, polysiloxane (Coltoflax; Coltene, Altstatten, 
Switzerland), as the impression material. Before 
reproducing the resin specimens, impression ma-
terials embedded in a type IV stone mold (Fujirock 
EP; GC Dental Industrial, Tokyo, Japan) were used 
to create a negative reproduction. To avoid defor-
mation of the impression/stone mold and ensure 
that the dimensions of the specimens were exactly 
duplicated, each impression/stone mold was dis-
carded after producing five samples.
The resin powder-to-liquid ratio was 2.0 g to 
1.0 mL, as suggested by the manufacturer. The PMMA 
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resin mixture was hand-mixed for 5 seconds, and the 
cavity of the FPD impression/stone mold was imme-
diately filled. The impression/stone mold was then 
fixed with a compressor and stored in water at 50°C 
for 10 minutes to allow complete polymerization of 
the FPDs. Once FPDs were removed from the mold, 
they were immersed in distilled water at 37°C for 
24 hours and air-dried for an additional day at room 
temperature. The dimensions of all FPDs were mea-
sured using Digimatic Caliper (Mitutoyo, Tokyo, 
Japan), followed by proper finishing to obtain sam-
ple differences of < 0.1 mm.
In our preliminary experiment, almost all frac-
tures in samples (n = 10) were concentrated on the 
tension side of the connector between the two 
pontics. The plane between the pontics and a line 
perpendicular to the long axis of the FPDs was set 
as the “basal plane” of fiber reinforcement. As shown 
in Fig. 1A, the basal plane was the central line of 
the fiber-reinforced FPD between the pontics. The 
2.5 × 4.0 mm (width × depth) slots with lengths of 4, 
18 or 30 mm were prepared in FPDs using a flat-end 
tungsten carbide bur mounted on a milling machine 
(Bachmann milling unit model 82; Cendres & Metaux, 
Biel-Bienne, Switzerland) (Fig. 1B−D). All provi-
sional FPDs with slots of different lengths were re-
produced using a self-cured PMMA resin, as per 
previous procedures.
The control group (n = 10) consisted of intact 
self-cured PMMA resin FPDs without fiber reinforce-
ment, and the comparison group (n = 10) included 
FPDs impregnated with 4.00 × 0.41 × 0.56 mm (length × 
width × depth) steel wires. The six experimental 
groups (each n = 10) consisted of acrylic resin FPDs 
impregnated with 4, 18 or 30 mm lengths of polyeth-
ylene fiber (Construct; Kerr UK Ltd., Peterborough, 
UK) or glass fiber (FibreKor; Jeneric/Pentron Inc., 
Wallingford, CT, USA). The reinforced fibers of dif-
ferent lengths were immersed or wetted in the resin, 
as suggested by Vallittu,17 before being embedded 
in pre-prepared FPDs slots. Additional acrylic resin 
was then added to the slots that were embedded 
with fibers to restore the original morphology of 
the FPDs. Demolded samples, with or without fiber 
impregnation, were thermocycled (600 cycles of 
5°C/55°C for 2 minutes/cycle) (Long Wha Enterprise, 
Kaohsiung, Taiwan) and air-dried for 24 hours at 
room temperature prior to the loading test.
The FPDs were mounted on a metal jig and 
loaded with a steel ball 6 mm in diameter in the 
region of the central fossa of the first molar pon-
tic. Prior to measuring the fracture resistance, all 
FPDs were loaded with a 30 N force to obtain an 
equal fit in the jig. Thin-film aluminum foil, 0.5 mm 
thick, was placed between the loading point and 
the FPDs to ensure even loading. The fracture loads 
were measured using a universal testing machine 
(LS 500; Lloyd Instruments, Hampshire, UK) with a 
crosshead speed of 5.0 mm/minute. The force caus-
ing the first fracture in the FPD was considered the 
fracture load. The point of fracture was determined 
from the force-deflection curve.
In order to evaluate the bonding condition be-
tween fibers and the resin matrix in the FPDs after 
thermocycling, the fracture surfaces obtained from 
selected test specimens were examined using a field 
emission scanning electron microscope (JSM 5300; 
JEOL, Tokyo, Japan).
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Fig. 1 Dimensions of the four-unit provisional fixed partial dentures (FPDs) on a metal jig. (A) The tension side 
between the two pontics represents the baseline location for fiber reinforcement. Lateral and occlusal views of FPDs 
with fiber-reinforced lengths of (B) 4 mm, (C) 18 mm, and (D) 30 mm.
28 W.C. Chen et al
One-way ANOVA was used to evaluate the sta-
tistical significance of the fracture load data. A 
two-way ANOVA comparison was used to determine 
the significance of variations in fiber type and re-
inforcement length span. Results were considered 
statistically significantly different at P < 0.05. The 
JMP 5.0 software package (SAS Institute Inc., Cary, 
NC, USA) was used for all statistical analyses.
Results
The load required to fracture the FPDs varied from 
676 to 382 N, as indicated in Table 1. According to 
the results of the mean fracture load, the 30-mm 
FibreKor fiber-reinforced sample and the steel wire-
reinforced specimen, respectively, had the highest 
and lowest strength values. The control (non-fiber 
reinforcement) and comparison (steel wire reinforce-
ment) groups showed no significant differences 
(P > 0.05). The fracture loads of the 4-mm Construct 
and FibreKor fiber length reinforcements were larger 
than those of the control and comparison groups by 
about 47% and 59%, and 48% and 60%, respectively. 
The experimental groups of fibers reinforced with 
a short length of 4 mm, medium length of 18 mm and 
long-span length of 30 mm had significantly higher 
fracture strengths (in terms of the provisional FPDs) 
than the control and comparison groups (P < 0.05 by 
one-way ANOVA; Table 1). There were no significant 
differences between the Construct and FibreKor 
fiber types with constant fiber length reinforcement 
(4, 18 and 30 mm) (P > 0.05). Two-way ANOVA analy-
sis of the experiment groups demonstrated no sta-
tistically significant differences in fracture load 
when fiber types or reinforced lengths were com-
pared with one another (P > 0.05) (Table 2).
Further investigation of fracture patterns was 
necessary for consideration of clinical reparability 
of provisional FPDs. Based on clinical observation, 
the fracture patterns of acrylic FPDs with or with-
out fiber reinforcement were classified into three 
types (Fig. 2). The first type of fracture pattern was 
“catastrophic failure”, in which the pontics were 
Table 1. Mean fracture loads of long-span provisional 
FPDs with fiber and metal wire reinforcements, and 
the unreinforced control (each group n = 10)
 
Fracture load,
  One-way ANOVA 
Group 
mean (SD) (N)
 and post hoc 
  statistical analysis*
30-mm Fb 676.7 (66.4) A
18-mm Fb 661.9 (68.2) A
18-mm Cs 651.4 (46.5) A
30-mm Cs 612.0 (81.7) A
4-mm Fb 610.8 (63.2) A
4-mm Cs 607.4 (75.8) A
Control 413.2 (63.5) B
Wire 382.6 (77.6) B
*Groups with the same letter do not significantly differ at 
P > 0.05. Cs = Construct; Fb = FibreKor.
Table 2. Two-way ANOVA statistical analysis of fiber-reinforced provisional fixed partial dentures containing differ-
ent fiber lengths (4 mm, 18 mm, and 30 mm) and fiber types (FibreKor and Construct)
Variation df Sum of squares F P*
Main effects combined 5 45,905.2 1.99 0.095
Fiber type 1 10,296.6 2.23 0.141
Fiber length 2 24,365.7 2.64 0.081
Two-way interactions 2 11,242.9 1.22 0.304
Error 54 249,071.4




Fig. 2 Fracture patterns of provisional fixed partial den-
tures: (A) catastrophic, (B) bent and (C) partial fracture 
patterns.
Fracture load of fiber-reinforced provisional FPDs 29
sheared off by the compressive load. The second 
type of fracture pattern was “bent failure”, in which 
an observable gap was detected between the pon-
tics. The samples were, however, still held together 
by the fiber reinforcements. The third type of frac-
ture pattern was “partial fracture”, in which the 
specimens remained intact and only fracture lines 
could be detected. After thermocycling, all sam-
ples displayed partial fracture patterns, and the 
cracks were concentrated on the tension side of 
the pontics regardless of whether or not they were 
reinforced.
A clear interface between the wire and resin 
matrix on the fracture surface of the steel-wire-
reinforced sample was observed by scanning elec-
tron microscope (Fig. 3A). This interface suggested 
poor linkage or incorporation of the wire-reinforced 
additive and resin matrix. As the cracks grew or 
extended across the resin matrix, they resulted in 
sample fracture. The fractured surfaces of the pol-
yethylene fiber-reinforced samples are shown in 
Fig. 3B. The construct was easily delaminated from 
the woven form even though the fiber had many 
attached resin particles. The best combination of 
reinforced fiber and resin matrix was the glass fiber 
(FibreKor) specimens. The fracture surface (Fig. 3C) 
clearly revealed that the fiber fasciations had not 
separated and were still closely interlocked with 
the resin matrix. No spaces were found between 
the fiber and matrix, even under higher magnitude 
imaging.
Discussion
In a pilot study, the mean fracture load of long-span 
provisional FPDs without fiber reinforcement de-
clined by about 34% (from about 622 to 413 N) after 
thermocycling, with the fracture type changing from 
catastrophic to partial failure patterns. The chang-
ing trend of the fracture pattern might have been 
due to the hydrophilic properties of the resin, which 
reduced the stiffness of the provisional FPDs after 
thermocycling.18
In early clinical applications, a scaffold of metals 
was used with resins as a restorative composite.19,20 
Vallittu and Lassila (1992) revealed that metals 
largely increased the fracture strength of dentures 
without thermocycling.21 The main reason for the 
relatively low fracture strengths in our comparison 
group was that the metal wire was not chemically 
bonded to the PMMA resin matrix. The poor fit was 
due to incoherent interfaces, which were even more 
prevalent after thermocycling.
It is worth noting that the mean fracture load 
of the comparison group was even lower than the 
non-reinforced provisional FPD control group, al-
though this difference was not significant. The ex-
pansion and shrinkage of different materials may 
have been caused by thermal shock due to stress 
build-up between the incoherent interfaces of the 
wires and acrylic resin. This effect allowed us to 
group the materials (Fig. 3A), and it provided an ex-
planation for why the metal strengthening effect 
A B
C
Fig. 3 Fracture surfaces of 4-mm fiber-reinforced provi-
sional fixed partial dentures after thermocycling. 
(A) Stainless wire, (B) polyethylene fiber Construct, and 
(C) glass fiber FibreKor. The arrows indicate the site of 
adhesion between the resin matrix and the reinforced 
fibers.
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was not obvious. The fractured surfaces of wire-
impregnated provisional FPDs demonstrated duc-
tile fracture striations, as indicated by the arrows 
in Fig. 3A. The fracture-resistant ability of the wires 
was not functional, and thermal fatigue, resulting 
in cracks, propagated through areas of the resin 
matrix.22
The mean fracture load values of the glass 
fiber-FibreKor specimens were larger than those of 
polyethylene fiber-Construct-reinforced 4-unit pro-
visional FPDs of the same length. However, statisti-
cal analysis revealed only an insignificant difference 
between these two groups. The results suggested 
that both types of fibers, but not the steel wires, 
had the same capacity for reinforcement. The best 
reinforcement material in the above groups was 
the pre-silanated surface treatment which had 
excellent fracture-resistant abilities, even after 
thermocycling.
The fracture load did not significantly differ 
among the experimental groups (Table 2), although 
the microstructure studies showed that glass fiber 
(FibreKor) specimens possessed more compact struc-
tures than polyethylene fiber (Construct) specimens 
(Fig. 3B and C). The arrows in the images indicate 
the interfaces between fibers and resin matrices 
(Fig. 3B); the woven forms of the fiber constructs 
are derived from the matrix and broke up after 
bending failure. It is worth noting that although 
the microstructures varied with the fiber type (i.e., 
FibreKor and Construct fibers), the fracture loads 
were approximately equivalent. These phenomena 
could have been due to the fibers efficiently re-
tarding crack propagation on the tension side of 
the provisional FPDs, and the location of the rein-
forced fiber being more important for improving 
fracture load resistance of acrylic FPDs than the 
reinforced fiber type that underwent pre-silanated 
treatment.
The drilled slots coinciding with the basal plane 
of the fiber-reinforced provisional FPDs were de-
veloped to enhance fracture strength, thus ensur-
ing that the fiber-reinforced location was on the 
tension side of the provisional FPDs (Fig. 1A). The 
fracture loads for the 4-mm fiber-reinforced exper-
imental groups were almost 50% higher than those 
of the control and comparison groups. The 18-mm 
and 30-mm length fiber-reinforced groups had larger 
mean fracture loads than the 4-mm groups. However, 
increasing the lengths of fiber reinforcements did 
not obviously enhance the strength, as shown by the 
statistical analysis. We propose that reinforcement 
of long-span provisional FPDs with different fiber 
lengths increases the strength of connectors be-
tween pontics when extended to both sides of the 
abutments and to the occlusal surface of both abut-
ments (Fig. 1B−D). The significantly higher fracture 
loads as a consequence of fiber addition suggest that 
the strengthened location is much more important 
than the reinforcement length. Kanie et al.23 also 
suggested that fiber-reinforced dentures should 
withstand greater tension on the concentration side 
in order to produce an efficient strengthening ef-
fect. In our results, regardless of length, the experi-
mental samples demonstrated a fracture strength 
that was 50% higher than the control group after 
the weaker site was reinforced with fibers.
Here, polyethylene fiber (Construct) and glass 
fiber (FibreKor) specimens of different reinforced 
lengths embedded on the tension side of the long-
span provisional FPDs were shown to raise the frac-
ture load to > 600 N after thermocycling. This value 
is important, because the mean masticatory force 
in the human molar area is 500−600 N.24,25 From a 
clinical application viewpoint, selection should be 
based mainly on the type of fiber-reinforcement 
surface treatment method used; operational con-
venience and economic considerations should also 
be considered. Despite the fact that provisional FPDs 
were strengthened with different fiber lengths, dif-
ferences in fracture resistance were not statisti-
cally significant. This emphasizes the importance 
of reinforcing the weakest location in acrylic resin 
long-span provisional FPDs.
Owing to the limitations of this study, the effects 
of periodontal ligaments and proprioceptors, and 
complicated occlusal contact patterns in the mouth 
were not investigated. Therefore, additional stud-
ies based on randomized well-controlled clinical 
trials are needed.
The commercial polyethylene-fiber Construct 
and glass-fiber FibreKor demonstrated excellent 
adhesive capabilities with acrylic dental resin. The 
fracture load for these fibers was 50% greater than 
non-fiber or steel wire additive-reinforced long-span 
provisional FPDs. With regard to the fracture load 
of long-span provisional FPDs, the weakest location 
was the tension side between the pontics. The loca-
tion of fiber strengthening was much more impor-
tant than the length of reinforcement or fiber type 
with regard to fracture loads in long-span acrylic 
resin provisional FPDs after thermocycling.
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